Background-Pruritic papular eruption (PPE) of HIV is common in HIV-infected populations living in the tropics. Its aetiology has been attributed to insect bite reactions and it is reported to improve with antiretroviral therapy (ART). Its presence after at least 6 months of ART has been proposed as one of several markers of treatment failure.
Conclusions-Pruritic papular eruption in HIV-infected persons receiving ART for ≥ 15 months was associated with greater HIV viraemia at ART commencement, independent of CD4 count. Skin biopsies are important to distinguish between PPE and other itchy papular eruptions.
Pruritic papular eruption (PPE) of HIV has been described as a chronic, intensely pruritic papular and symmetrically distributed rash where the greatest numbers of lesions are often found on the extremities, but the rash may be generalized (Fig. 1) . 1 , 2 It is one of the most common skin conditions in HIV-infected populations living in the tropics, with a reported prevalence of 11-46%. [1] [2] [3] [4] [5] The typical microscopic findings of PPE consist of a wedgeshaped mild-to-moderate perivascular and interstitial infiltrate of lymphocytes and eosinophils, similar to the microscopic findings of arthropod bites or stings (Fig. 2) . This, together with eosinophilia and elevated IgE levels, has led to the suggestion that PPE is the result of an exaggerated immunological reaction to arthropod bites or stings. 3 , 6 Pruritic papular eruption has been reported as an early manifestation of HIV infection in Haiti 1 and Kinshasa, Democratic Republic of Congo. 2 Its high prevalence, reported early presentation and high predictive value for HIV disease have prompted suggestions of its use as a marker for early diagnosis of HIV infection. 1 , 2 However, this is disputed by other studies 7 , 8 that report other opportunistic infections or skin diseases before the development of PPE. Several observational studies have reported a link between low CD4 counts, 3 10 and PPE, thus proposing the use of PPE as a marker for advanced HIV disease. 7 PPEs are included in stage 2 of the WHO's clinical staging of HIV, a demonstration of its current role in clinical evaluation of HIV disease. 11 Anecdotal reports of the resolution of PPE after a few months of antiretroviral therapy (ART) commencement and its recurrence within weeks of ART discontinuation have been described. 12 In an observational study, 27/29 patients with PPE reported resolution of PPE, and two reported a reduction in its severity within 24 months of ART. 10 As a consequence of PPE's response to ART, new-onset, recurrent or worsening PPE has been proposed as part of an algorithmic approach to the clinical evaluation of treatment failure after at least 6 months of ART. 12 , 13 Our primary objective was an exploration of predictors associated with the presence of PPE in HIV-infected persons receiving ART. Predictors studied included HIV viral load, CD4 cell count and percentage of CD38 + human leucocyte antigen (HLA)-DR+ CD8 + T cells, a marker of CD8 + T-cell activation and predictor of HIV disease progression. [14] [15] [16] Environmental predictors examined include factors that may influence exposure to insect bites or stings, including time of work, bed net or mosquito net use and housing characteristics. Dermatology-specific predictors such as a history of skin conditions that may manifest as chronic pruritic papules were also explored.
Patients and Methods
Approvals from the Committee on Human Research at the University of California, San Francisco and the Institutional Ethical Review Committee of Mbarara University of Science Chua et al. Page 2 and Technology have been obtained. Informed consent was obtained from all study participants.
Study Design and Setting
This is a case-control study nested within the Uganda AIDS Rural Treatment Outcomes (UARTO) cohort, a 500-person cohort assembled at the time of ART initiation from adult Ugandan patients receiving medical care at the HIV clinic of Mbarara National Referral Hospital. Study participants lived within 20 km of Mbarara, a rural setting located 5 h by automobile from Kampala, the capital city of Uganda. 17
Study Participants
All study participants had been receiving ART for at least 15 months. Inclusion criteria for cases were the presence of an active itchy papular skin rash for at least 1 month determined by self-report and clinical examination by a dermatologist (S.L.C. or E.H.A.). Controls were defined by the absence of an active skin rash at the time of study enrolment. Each case was individually matched with two controls for age, sex and duration of ART.
Study Procedures
All study participants completed standardized interviewer-administered instruments at 3-month intervals as part of the UARTO protocol. Study instruments were checked postinterview by study coordinators, and missing information was obtained from participants via telephone or at their next visit. The Filmer-Pritchett Asset Index, 18 a proxy for household wealth, was derived from detailed information obtained during participant interviews. Blood was drawn from all participants at 3-month intervals for measurements including CD4 cell counts, plasma HIV RNA and percentage of CD 38 + HLA-DR + CD8 + T cells. At the time of study enrolment, all study participants were examined by a study dermatologist (S.L.C. or E.H.A.) to confirm the presence or absence of a papular rash. Cases received clinical photography prior to a 4-mm punch biopsy of a new unexcori-ated primary lesion. Biopsies were reviewed by dermatopatholo-gists at the University of California, San Francisco (T.H.M., P.E.L.), from whom all details of study participants were withheld apart from the body site from which the biopsy was taken.
Statistical Analyses
Statistical analyses were carried out with the Stata Statistical Software: Release 11 (StataCorp LP, College Station, TX, U.S.A.). Wilcoxon rank sum tests or Fisher's exact tests were used to compare characteristics of cases and controls. Cases with skin biopsy findings consistent with PPE were defined as PPE cases. The rest of the cases were known as non-PPE cases. Their matched controls were identified as PPE controls and non-PPE controls, respectively. PPE cases were also compared with non-PPE cases for a better understanding of PPE and its clinical mimickers.
Conditional logistic regression was used to explore predictors associated with cases and PPE cases compared with their matched controls, and logistic regression was used to compare PPE cases with non-PPE cases. Based on results from single-predictor analyses, we attempted to fit multipredictor conditional logistic regression models for cases and PPE cases. Predictors that met the preset criterion of P < 0.2 were selected for inclusion. The contribution of each predictor to the multipredictor model was assessed using likelihood ratio tests, with the criterion for inclusion in the final multipredictor model set at P < 0.2.
Results
Twenty-five of the 45 cases (56%) had microscopic findings of urticarial hypersensitivity reaction or reaction to arthropod bite or sting, consistent with a diagnosis of PPE (Fig. 3) . Twenty of the 45 cases (non-PPE cases) had the following microscopic findings: spongiotic dermatitis (n = 11), dermatophyte folliculitis (n = 2), intraepidermal pustular dermatitis (n = 2), pruriginous dermatitis (n = 1), excoriation (n = 1), secondary syphilis (n = 1), seborrhoeic keratosis (n = 1) and perniosis (n = 1).
A greater proportion of PPE cases (Table 1) reported that the rash present at study enrolment began prior to ART initiation compared with non-PPE cases [44% (11/25) vs. 15% (three of 20); P = 0.05]. The site of rash at onset was significantly different between PPE and non-PPE cases (P = 0.002). No PPE cases reported their rash starting in the head and neck region, compared with 30% (six of 20) of non-PPE cases. Nine of 25 PPE cases (36%) had a generalized rash at onset, in contrast with none of the non-PPE cases. At the time of study enrolment, body sites affected by the rash were similar between PPE and non-PPE cases (P = 0.31). The reported itch severity on a 10-cm visual analogue scale was similar with a median value of 10 cm, representing maximum itch severity (P = 0.51). The proportions who reported dyspigmentation due to the rash were also similar between PPE cases and non-PPE cases [84% (21/25) vs. 70% (14/20), respectively; P = 0.30].
Participant characteristics are presented in Table 2 . Female participants accounted for 67% of all cases and controls, and 72% of PPE cases and PPE controls. Median age was similar between cases and controls (35.9 vs. 36.3 years; P = 0.53), as well as between PPE cases and PPE controls (35.8 vs. 36.0 years; P = 0.61). The median duration of ART was 1.4 years in both cases and controls (P = 0.99) and in PPE cases and PPE controls (P = 0.81).
Median plasma HIV RNA was higher at ART initiation when comparing PPE cases with PPE controls (390 398 vs. 109 615 copies mL -1 , P = 0.002), and PPE cases with non-PPE cases (390 398 vs. 71 006 copies mL -1 , P = 0.01). Plasma HIV RNA was < 400 copies mL 1 in a similar proportion of PPE cases and PPE controls (96% vs. 92%, P = 0.66), and in cases and controls (91% vs. 89%, P = 0.77) at the time of skin examination and biopsy (study enrolment). No PPE cases and two PPE controls had plasma HIV RNA > 5000 copies mL -1 , an indication of virological failure, 11 at the time of study enrolment. Sustained rebound in viraemia was not demonstrated in any cases or PPE cases after the suppression of plasma viraemia to < 400 copies mL -1 . Overall 92% (23/25) of PPE cases and 96% (48/50) of PPE controls had HIV RNA < 400 copies mL −1 6 months ater ART initiation.
Median CD4 counts at study enrolment were comparable between PPE cases and PPE controls (244 vs. 267 cells mm -3 , P = 0.47) and between cases and controls (257 vs. 265 cells mm -3 , P = 0.84). At ART initiation, median CD4 counts were also similar in PPE cases compared with PPE controls (93 vs. 124 cells mm -3 , P = 0.19), and in cases compared with Chua et al. Page 4 controls (110 vs. 121 cells mm -3 , P = 0.53). CD8 + T-cell activation, measured as the percentage of CD38 HLA-DR+ CD8 + T cells, at ART commencement and 6 and12 months after starting ART were similar between cases and controls, and between PPE cases and PPE controls.
Living and working conditions and dermatological history were remarkably similar between cases and controls, and between PPE cases and PPE controls with the exception of two predictors. A smaller proportion of cases than controls reported a history of skin disease [33% (15/45) vs. 49% (44/90), P = 0.10]. The difference was more marked in PPE cases compared with PPE controls [24% (six of 25) vs. 48% (24/50), P = 0.05]. Eczema had not been reported in the dermatological history of cases but was reported in 9% (eight of 90) of controls (P = 0.05).
As shown in Table 3 Table 3 .
When attempting to fit a multipredictor model for all recruited cases, the dichotomous variable of reported bites was the only predictor that provided a consistently statistically significant effect across all conditional logistic regression models fitted (OR 8.29, 95% CI 2.79-24.64; P < 0.001). Two predictors, log viral load at ART initiation and self-reported history of skin disease, contributed in a statistically significant manner to the PPE cases' conditional logistic regression model, with OR 4.47 (95% CI 1.27-15.74, P = 0.02) and OR 0.28 (95% CI 0.07-1.06, P = 0.06), respectively).
Discussion
The odds of having PPE in HIV-infected persons treated with ART were increased fourfold with every log increase in plasma HIV RNA at ART initiation. This suggests that higher levels of HIV viraemia pretreatment may have long-term effects that persist well after ART initiation and virological suppression. The mechanism of this effect on PPE is not known. Viral loads of over 100 000 copies mL -1 at ART commencement have been linked with a greater likelihood of HIV disease progression. 19 It is for this reason that we explored the association between PPE in ART-treated persons and predictors of HIV disease progression linked with pre-ART HIV viraemia.
Pre-ART plasma HIV RNA levels have been positively correlated with T-cell activation, especially CD8 + T-cell activation. 20 After ART initiation, both CD4 + and CD8 + T-cell activation levels have been reported to remain higher than those of HIV-uninfected persons, despite treatment-induced virological suppression. 20 CD8 + T-cell activation has been shown to predict HIV disease progression 21 more strongly than viral load or CD4 count. Higher Tcell activation levels have also been associated with lower CD4 + cell T gains during ART. 14 - 16 We have not found an association between CD8 + cell activation and CD4 + cell gains measured at ART commencement or after 6 and 12 months of ART, and PPE in ARTtreated study participants. It is likely that PPE in ART-treated HIV-infected persons is not associated with the immune activation markers measured in this study.
HIV viral load and CD4 count at the time of skin examination and biopsy were similar between PPE cases and PPE controls. A similar proportion of both groups had plasma HIV RNA < 400 copies mL -1 at the time of study enrolment and 6 months after starting ART. Therefore, the presence of PPE in HIV-infected persons receiving ART is unlikely to be a marker for treatment failure. The small number of PPE cases and PPE controls with virological failure at the time of study enrolment (one PPE case and two PPE controls) does not allow for further evaluation of the association between PPE and virological failure.
Study participants who reported daily insect bites or stings had an eightfold increase in their odds of having a chronic itchy papular rash (case) and a similar increase in the odds of that rash being PPE (PPE case). A link between arthropod bites or stings and PPE has been suggested. 22 However, the similarity in the magnitude of association between reported insect bites and any chronic itchy papular rash, as well as PPE, does not fully support that theory. It may be that study participants with an itchy papular rash find it difficult to distinguish between the rash and itchy insect bites or stings. Although desensitization to insect bites with repeated exposure over time is well described, 23 it is possible that this may have been lost in some HIV-infected individuals, allowing immunological reactions from insect bites to result in an itchy skin eruption.
To explore further the postulated link between insect bites or stings and PPE, information regarding environmental characteristics in our participants' lives that may predispose them to insect bites was elicited. A similarly large proportion of PPE cases and PPE controls worked outdoors during the day, used bed (or mosquito) nets and did not use insect repellents. Housing characteristics and sanitation facilities were also comparable between PPE cases and PPE controls. It is possible that environmental factors more closely associated with insect bites or stings were not explored in this study. Based on our findings, it would be difficult to draw any conclusions about the relationship between insect bites or stings and PPE in HIV-infected individuals on ART.
Confirming clinical diagnoses of PPE with skin biopsies has been one of the strengths of this study. Participants on ART for at least 15 months with a pruritic papular rash for a month or more were enrolled as cases in this study, irrespective of the study dermatologists' level of suspicion of PPE, to avoid inconsistencies in enrolment to the study. This may explain the lower than expected proportion of cases with microscopic findings consistent with PPE. There were few differences in clinical presentation of the skin eruption in PPE cases and non-PPE cases with regard to timing, persistence, itch severity or dyspigmentation. The only difference found in our study was that PPE was not localized to the head and neck at commencement of the rash; rather, it was localized to the extremities or was generalized. While this may be a clinical clue to the diagnosis, microscopic confirmation of PPE occurred in only 56% of the cases. This underscores the importance of skin biopsies to avoid misdiagnosing treatable conditions such as dermatophytic folliculitis and syphilis, which were found in our non-PPE cases. However, this may not be practical in resource-limited settings with limited or no access to pathology services. In research studies of PPE, confirming clinical diagnoses of PPE by biopsy is important for study validity.
This case-control study was nested within a well-established cohort (UARTO) 17 with excellent adherence to ART 24 and from which blood draws were carried out on all participants at 3-month intervals for measurement of CD4 counts, plasma HIV RNA and other immunological factors. This enabled the study of predictors measured not only at study enrolment, but also at other time points.
Limitations of this study include a small sample size, contributing to the lack of association between multiple predictors and the odds of being a case or PPE case due to lack of power. The small number of study participants with virological failure at study enrolment would also have made this study underpowered to study the association between PPE in ARTtreated persons and virological failure. As study participants were examined and biopsied only once, the natural history of their rash could not be studied objectively. Characteristics of the rash reported by study participants, especially with regard to past events such as time and site of rash onset, are subject to recall bias.
In conclusion, the presence of PPE in ART-treated HIV-infected persons was associated with higher viral loads at ART initiation in this study. No other immunological markers measured in this study, including CD4 + T-cell gains and CD8 + T-cell activation, were found to be associated with PPE in ART-treated persons. Confirmation of clinical diagnoses of PPE by biopsy is encouraged, as clinical diagnosis alone is not optimal.
Large gaps remain in our understanding of PPE: its aetiology, immunological factors that shape its natural history and its potential as a prognostic indicator. Further studies correlating the natural history of PPE with immunological markers and prognostic indicators for HIV disease may be helpful. Papular pruritic eruption of HIV. This is characterized by symmetrically distributed pruritic, often excoriated, papules, which are most concentrated on the extensor aspects of the extremities but may also be generalized. Photomicrographs of skin biopsy specimens (a)This shows a roughly wedge-shaped superficial and deep infiltrate of lymphocytes and eosinophils that is characteristic of a reaction to arthropod bites or stings. Study participants who had skin biopsies with this appearance and no other obvious cause of their itchy papular eruptions were considered PPE cases. (haematoxylin-eosin, original magnification 4×) (b) (haematoxylin-eosin, original magnification 10×) (c). Dermal infiltrate of lymphocytes and eosinophils (haematoxylineosin, original magnification 40×). Study participants. Participants of the Uganda AIDS Rural Treatment Outcomes cohort who had received antiretroviral therapy (ART) for at least 15 months were eligible for inclusion in the study. Cases had an itchy papular rash for at least 1 month that was still present at study enrolment. Cases with biopsy findings consistent with papular pruritic eruption (PPE) of HIV were known as PPE cases. Cases with other biopsy findings were known as non-PPE cases. Each case was individually matched with two controls by age, sex and duration of ART.
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